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(54) Rip-Flop Circuit 



(57) A master-slave type IGp-flop circuit includes a 
masla- latch circuit and a slave latch circuit The master 
latch circuit includes transfer gates (54, 55) for switching 
between on and off stales In response to a dock signal 
(CK), transfer gates (56, 57) individually connected in 
series to the transfer gates (54, 55) for switching 
between on and off states in response to a data signal 
(D), and a latch section (50) fbnmed from inverters (58, 
59) connected to the latter transfer gates (56, 57). The 
slave latch circuit includes transfer gates (61, 62) for 
switching between on and off states in response to the 
clock signal (CK), transfer gates (63. 64) individually 
connected in series to the transfer gates (61. 62) for 
switching between on and off states in response to an 
output and an inverted output of the latch section (50), 
and a latch section (60) formed from invertors (65, 66) 
connected to the latter transfer gates (63. 64). 
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Description 

Vf\fS invention relates to a f l'q>f lop ctrcuit and more 
particularly to a niaster-slave type f Op4lop ctrcuii 

Several exenrpiary ones of conventional f&p4lop dr- s 
curts will be descrS>ed with reference to the acconpany- 
ing drawings. FIG. 5(a) shows in circuit diagram a 
construction of an exenrpiary one of conventional fftp- 
flop drcuits. Referring to FIG. 5(a). the fiq3-flop drcuit 
shown has a data input terminal 1 for receiving a data io 
input signal D. a dock input terminal 2 fo€ receiving a 
dock input signal CK, and an output terminal 3 for out- 
putting a data output signal Q. The flip^kp drcuit 
includes four transfer gates 88. 89 and 92, 93 and six 
inverters 90. 91 and 94 to 97 connected between the is 
irput and output terminate 1 to 3 such that they fonm a 
master-slave type f Gp-f lop drcuit In the flip-flop drcuit 
the transfer gates 88 and 89 and the invertors90 and 91 
form a master latch drcuit and the transfer gates 92 
and 93 and the inverters 94 and 95 form a slave latch 20 
drcdt 

A timing chart when the master-slave type f Bp-llop 
drcuit described above operates is shown in FIG. 5(b). 
Referring to FIG. 5(b). whoi the dock ir^ signal CK 
has a low ("L") level, the transfer gate 88 exhibits a con- 25 
ducting state, and an invited signal to ^e data input 
signal D is outputted to an output Q1 of the master latch 
drcuit Then, when tiie dock input signal CK changes to 
a high ("H") level, the transfer gates 89 ar^ 92 are ren- 
dered conducting, and the master latch drcuit holds 30 
data and an inverted signal to the output Q1 is outputted 
to the output Q of the slave latch drcuit. 

In the niaster-slave type fGp-flop drcuit just 
described, even if tiie data input signal D exhibits no 
change, the outputs of the invertors 96 and 97 change 3S 
ea(^ time tiie clock input signal CK changes. Conse- 
quentiy. power is consumed by the invertors 96 and 97. 
ard the power consumption inaeases in proportion to 
the operation frequency. Further, since the dock input 
signal CK is inputted to the transfer gates 88, 89 and 92. 40 
93 through the invertors 96 and 97, time is required after 
a change of the dock input signal till a change of the 
output signal Q. amJ tills increases tiie transfer delay 
time as a f lip^lop drcuit 

One of countermeasur^ for overcoming this draw- 45 
bade is disdosed in Japanese Patent Laid-Open Appli- 
cation No. Heisei 1-286609. FIG. 6(a) is a drcuit 
diagram of tiie drcuit shown In ttie figure 1 of tiie docu- 
ment just mentioned. Referring to FIG. 6(a). tiie drcuit 
shown indiKles a master latch drcuit 11 for sampling so 
ami latching a data input signal VI when a latch signal 
VB exhibits ttie "H" level, a slave latch draiit 1 2 for sanv 
pling and latching an output signal VC of the master 
latch drcuit 1 1 when tiie latch signal VB exhibits the V 
level, an invertor 1 3 for inverting the latch signal VB and ss 
supplying the inverted latch signal to tiie slave latch dr- 
cuit 12. an EX-OR (exdusive OR) circuit 14 for exdu- 
srvely ORing an output signal VO of the slave latch 
drcuit 12 and the data input signal VI, and a NAND dr- 



cuit 15 for logically NANDing an output signal VA of the 
EX-OR drcuit 14 and a dock input signal CK an6 out- 
putting a latch signal VB. 

Since tiie input signal VI and ttie output signal VO 
have an equal level unless ttie data input signal VI 
exhibits a change, the output signal VA is fixed to the V 
level and invalidates the clock signal CK to fix tiie latch 
signal VB to ttie "H" level, tf the input signal VI dumges. 
ttien the output signal VA changes to ttie "H" level, and 
ttie NAND drcuit 15 validates ttie dock signal CK so 
ttiat the master latch drcuit 1 1 and the slave latch drcuit 
12 individually peribrm latching operations similarly as 
in an ordinary flp-flop. Consequentiy. ttie output of the 
entire drcuit changes. In th's instance, since the input 
signal VI and ttie output signal VO exhibit an eqiml level, 
unless the input signal VI exhS)its a change again, the 
dock signal CK is invalidated by the EX-OR circuit 14. 

A timing chart when ttie drcuit desait>ed above 
operates is shown in FIG. 6(b). Referring to FIG. 6(b). 
when, in the operation within a period defined by two 
vertical broken lines in FIG. 6(b). ttie input signal VI 
changes from the "L" level to ttie "H" level while ttie 
dock signal CK is at tiie "H' level, since ttie le^el of tiie 
output signal VO and the level of the input signal VI are 
different from each other, the signal VA is changed to 
tiie "H" levd by ttie EX-OR drcuit 14. In ttiis in^ance. 
since ttie dock input signal CK is at ttie "H" level, ttie 
latch signal VB is changed from ttie "H** level to ttie V 
level by ttie NAND drcuit 1 5. and the master latch drcuit 

1 1 latches the signal level at the pdnt of time when ttie 
data input signal VI changes to ttie "H" level since the 
latch signal VB has been at the IH" level till ttien, and 
outputs ttie latched signal level to ttie output VC of ttie 
master latch drcuit 11. Here, since tiie latch signal VB 
changes to ttie "L" level, ttie "H" level of ttie output sig- 
nal VC of ttie master latch circuit 1 1 is latched by ttie 
slave latch circuit 12, and the thus changing data are 
outputted as the output signal VO. 

In tills manner, as seen from the signal waveform 
VO of FIG. 6(b). depending upon ttie inputting timings of 
the input signal VI and tiie dock signal CK. tiie f lip-f kp 
drcuit performs in such an operation as indicated by a 
broken line different from a normal operation indicated 
by a solid line, and data are outputted from tiie f lip-f bp 
drcuit but not in synchronism with the dock signal CK. 
Cor^equently, the f lip41op drcuit is disadvantageous in 
ttiat it malfunctions in this regard. 

Further, since ttie flip-flop drcuit requires, in addi- 
tion to such wasXer latdi drcuit 1 1 and slave latch drcuit 

12 as are required by an ordinary fGp4lop drcuit the 
EX-OR drcuit 14 arKJ the NAND drcuit 15 for produdng 
the latch signal VB. the flip-flop drcuit is advantageous 
also in that a comparatively large nunrber of elements 
are required to construct ttie entire f lip-f Iqx 

Furthermore, since ttie dock input signal CK is 
inputted to the master latch drcuit 1 1 and the stave latch 
drcuit 12 after it passes the NAND drcuit 15 and the 
invertor 13. time is required after a change of ttie clock 
input signal CK till a change of ttie output signal VO. and 
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ths inaeases the propa^on delay time as a flip-flop 
circuit 

Another flip-flop circuit which contenrplates reduc- 
tion in power consumption is disclosed in Japanese Pat- 
ent Laid-open Application No. Heisei 2-34018. FtQ. 
7(a) ^ a circuit diagram shown in the figure 1 of the doc- 
ument just mentioned. Referring to FIG. 7(a). the flip- 
flop circuit shown indiKies a pair of transfer gates 31 
and 32 which are switched between on and off In 
respor^e to a dock input signal CK from the outside, a 
pair of invertors 41 and 42 connected in series in order 
in a fbnvard cfirection to the transfer gates 31 and 32. 
respectively, another pair of transfer gates 33 and 34 
connected in ooss connection between input and out- 
put points of the invertors 41 and 42 and individually 
switchable betwe^ on and off In response to an oppo- 
site phase dock input signal CR having a phase oppo- 
site to that of the dock mpui signal CK. a further pair of 
transfer gates 35 and 36 connected to the output points 
of the invertors 41 and 42. respectively, and individually 
switchable between on and off in response to the appo- 
site phase dock input sigral CR. another pair of inver- 
tors 43 and 44 connected In series in order in a forward 
direction between the transfer gates 35 and 36 and an 
output signal Q and an inverted output signal Q, respec- 
tively, and a still further pair of transfer gates 37 and 38 
connected in cross connection between input and out- 
put points of the invertors 43 arxj 44 and individually 
switchak)le betwe&i on and off in response to the clock 
input signal CK. 

In this flip-fbp drcurt the tranter gates 31 and 32 
are turned on in response to a rising edge of the clock 
input signal CK from the "L" to the **H'' level to fetch a 
data input signal D and an opposite phase data input 
signal t into a m^er latch drcuit 100. 

Then, when the dock input signal CK falls from the 
"H" to the "L" level, the trar^er gates 33 and 36 are 
tumed on. and the master latch circuit 100 holds the 
data input and simultaneously transfers the data to a 
slave latch drcuit 200. Those data are outputted as the 
output signal Q and the opposite phase output signal U 
of the slave latch drcuit 200. 

FIG. 7(b) shows a timing chart when the flip-flop dr- 
cuit described above operates. Refenring to FIG. 7(b). 
when, in the operation at a time indicated by a left side 
one of two vertical broken lines, the dock input signal 
CK change from the V le^el to the "H" level, the 
inverted dock input signal CK changes from the "H* 
level to the *'L" lev^ after a fixed delay tima As a result, 
the transfa* gates 31 to 38 are rerKjered conducting, 
and the data input signal D and the output signal Q are 
connected to each other by the transfer gates 31 . 34. 36 
and 37. Meanwhile, the 0|:^x>site phase data irput sig- 
nal D and the opposite phase output signal 0 are con- 
nected to each other by the transfer gates 32. 33, 35 
and 38. Consequently, inputs SL to the slave drcuit 
become unstable, and it is indefinite data of which one 
of the levete should be latched. In this manner, the flip- 
flop drcuit of FIG. 7(a) sometimes malfunctions such 



that when the dock input signal CK changes from the 
"L" level to the "H* level while the data input signal D and 
the output signal Q have different levels from each 
other, as seen from the signal waveform of the oitput Q 

5 of the slave latch drait the ffip^lop drcuit performs 
such an operation as indicated by a broken line different 
from a normal operaticn indicated by a sdid lina 

Further, since the circuit construction d^cribed 
akx)ve requires a dock input signal CK and an inverted 

10 dock input signal CR. naturally an inverter for genera- 
tion of the inverted dock s^nal is required. Since this 
inverter operates irr^pective of a change in data, the 
f Gp4lop drcuit is disadvantageous also in that the power 
consumption reduction effect is low and the power con- 

15 sumption increases in proportion to the operation fre- 
quency. 

Further, time is required after a change of the dock 
input signal CK till a change of the output signal Q, and 
this inaeases the propagation delay time as a flip-flop. 

20 In sunrunary, the conventional flrp4k)p drcuits 
described above are disadvantageous in the following 
points. Rrst with the f Op4lop drcuits shiown in FIGS. 
5(a) and 7(a). since an inverter for generating an 
inverted dock signal operates continuously even if the 

25 irput data D does not change and the output data does 
not change, the power consunption increases in pro- 
portion to the operation frequency. This is because, 
since two input signals of the dod( input signal CK and 
the inverted dock in^ signal are required from tiie 

30 drcuit construction, two invertors for generating the 
inverted dock signal such as the inverters 96 and 97 in 
the flip-flop circuit of FIG. 5(a) naturally operate corrtin- 
uously irrespective of presence or absence of a change 
of the input data D. 

35 Second, with the flip-flop drcuit shown in FIG. 6(a). 
an irput timing of the dock input signal CK and an input 
timing of the data input signal VI have a restriction in 
timing therebetween for stabilization of the drcuit This 
is because the drcuit shown in FIG. 6(a) malfunctions if 

40 the level of the data input signal D changes when the 
dock input signal CK is at the *'H" level. Further, the dr- 
cuit shown in FIG. 7(a) malfunctk)ns at a rising edge of 
the dock input signal CK when the input data and the 
output signal Q are different from each other if a delay 

45 difference appears between the dodc input signal CK 
and the opposite phase dock input signal CR. 

Third, the f Gp41op drcuit shown in FIG. 6(a) is com- 
posed of a comparative large number of elements and 
requires a conrtparatively large occupation area in a 

50 chip. This is because the drcuit shown in FIG. 6(a) 
requires, in addition of the master latch drcuit 1 1 ami 
the slave latch drcuit 12, the EX-OR drcuit 14. the 
NAND drcuit 15 and the inverter 13 in order to produce 
the latch signal VB. 

55 Fourth, the drcuits shown in FIGS. 5(a) and 6(a) 
are not suitable for high speed operation because time 
is required after a change of the dock input signal CK to 
a change of the data output signal Q or VO. This is 
because, since the dock input signal CK is inputted to 
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the transfer gates via the invertors, time is required after 
a c^iange in level of the clock input signal CK till a 
change in le/el of the output signal Q or VO. 

It is an object of the present invention to provide a 
masier-siave type fiip-tiop drcuit which is conposed of 
a reduced number of circuit components to reduce 
power consumption when input data does not exhibit a 
change to achieve reduction in power consunrption and 
high speed operation. 

In order to attain the object descrS)ed above, 
according to the present invention, there is provided a 
master-slave type f Ip-flop circuit comprising a master 
latch circuit for fetching latching an external data 
Input signal in synchronism with an external dock sig- 
nal, the master latch drcuit Including first latch means 
for conplemerrtanly latching data on a first signal line 
arxJ data on a second signal line, a slave latch drcuit 
connected to the master latch circuit for fetching or 
latching data signals outputted from the master latch dr- 
cuit in synchronism with the clock signal, the slave latch 
drcidt indiKling second latch mear^ for complementa- 
rily latching data on a third signal line and data on a 
fourth signal line, the master-slave type flip-flop drcuit 
operating with power supplied from first and second 
power supply voltage sup(^ying means having different 
potentials, first current paths provkJed between the first 
and second signal lines and the first power supply volt- 
age supplying means and second current paths pro- 
vided between the third and fourth signal lines and the 
second power supply voltage supplying means such 
that the complementary data to be latched by the first 
latch means are defined by a voltage supply from the 
first power supply voltage supplying means to the first or 
second signal line whereas the complementary data to 
be latched by the second latch means are defined by a 
voltage supply from the second power supply voltage 
supplying means to the third or fourth signal line, and a 
first transfer gate for connecting or disconnecting the 
first current paths and a second transfer gate for con- 
necting or disconnecting the second current paths, the 
first and secorvi transfer gates being controlled between 
conducting and non-conducting states in response to 
the extemal dock signal, the external data input signal 
and the data signals from the first and second signal 
lines. 

In the master-slave type f Itp-f bp drcuit. the external 
dock input signal is inputted cSrectly to the transfer 
gates without passing a logic gate drcuit. Consequently, 
when the data input signal inputted to the f lip^lop circuit 
does not exhibit a change, no component consumes 
power irrespective of any change of the dock sigral 
irput. Accordingly, the power cor^umption is reduced 
as much, ard the flq>-flop drcuit is low in power con- 
sumption. Further, since a result when the dock input 
signal is inputted (firectly to the transfer gates and the 
transfer gates are r&idered conducting or non^nduc- 
tive in response to the dock input signal is outputted, for 
exanple. through an tnvertor stage, the delay time after 
a change of the dod< input signal till a change of the 



output signal at the output terminal is reduced, and con- 
sequently, the master-slave typeflip-flcp drcuit is suita- 
ble for high speed operation. 

Further, since the dock input signal arxJ the data 

5 mpxA signal are inputted directly arxi irKJeperKfently of 
each other to the transfer gates, such transfer gates as 
are famed from MOS transistors connected in a compli- 
cated connection or a logic gate drcuit for generation of 
a latch signal is not required. Consequently, the master- 

10 slave type fBp4lop drcuit can achieve reduction in 
nurrber of components, arxi this can reduce an occupa- 
tion area of the n^ster-slave type flip-flop cirojit on a 
chip of an integrated drcuit. Axorc£ngly. high density 
integration can be achiey^ed by the master-slave type 

15 f Op-flop drcuit. Further, since the transfer gate to which 
the data irput signal is inputted and the transfer gate to 
which the clock input signal Is inputted operate inde- 
pendently of each other, the clock input signal and the 
data input sigr^ have no restriction in input timings for 

20 stabilization operation. 

The above arxJ other objects, features arvJ advan- 
tages of the present invention will k)ecome apparent 
from the fdlowing description and the appended claims, 
taken in conjunction with the accompanying drawings in 

^ which like parts or elements are denoted by like refer- 
ence characters. 

FIG. 1(a) is a drcuit diagram of a flip-flcp circuit 
showing a f irst preferred enixxiim&it of the present 
30 invention; 

FtQ. 1 (b) is a time chart illustrating operation of the 
flip-flop circuit of FIG. 1(a); 
FIG. 2(a) is a circuit diagram of another f lip^top dr- 
cuit showing a secorxj preferred embodiment of the 
35 present invention: 

FIG. 2(b) is a time chart illustrating operation of the 
fOp-fl<p drcuit of FIG. 2(a): 
FIG. 3 is a drcuit diagram of a further flip-fkp circuit 
showing a third preferred embodiment of the 
40 present invention: 

FIG. 4 is a tHock cOagram of a serial to parallel con- 
version drcuit to which a f Ig^f lop drcuit according 
to the present invention ts applied; 
FIG. 5(a) is a drcuit diagram showing an exemplary 
45 one of conventional flip-flop drcuits; 

FIG. 5(b) is a time chart illustrating operation of the 
fGp-flop drcuit of FIG. 5(a): 
FIG. 6(a) is a drcuit diagram showing another 
exenplary one of conventional fGp-flop circuits; 
50 FIG. 6(b) is a time chart illustrating operation of the 
fGp-flop circuit of Fia 6(a); 
FIG. 7(a) is a drcuit diagram showing a further 
exenplary one of conventional fGp-flop drcuits; and 
FIG. 7(b) is a time chart illustrating operation of the 
55 f Gp-fl(p drcuit of FIG. 7(a). 

Referring first to FIG. 1(a). there is shown in drcuit 
diagram a mast^-slave type f Ifp-f lop drcuit acccKding to 
a first preferred errtofiment of the pr^ent invention. 
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The ma^er-slaY6 type flip-flop drcuit tes a dock input 
terminal 2 for receiving a dock input signal CK. a data 
input t^minal 1 for receiving a data Input signal 0. and 
an output t&nrdnal 3 icx outputting a output signal Q. A 
teiTrdnaj of a f irsi FrwCS iransfer gate 54 is connected to 5 
a power supply line 5. and also a ternmnal of a second 
PMOS transfer gate 55 is connected to the power sup- 
ply line 5. The gate electrodes of the first and second 
PMOS transfer gates 54 and 55 are connected conv 
monly to the dock input terminal 2, and the other ternv- jo 
nal of the first PMOS transfer gate 54 is connected to a 
terminal of a third NMOS transfer gate 56 while the 
other terminal of the second PMOS tranter gate 55 is 
connected to a ternrdnaf of a fourth NMOS transfer gate 
57. The gate electrode of the third NMOS transfer gate 75 
56 is connected to the data input terminal 1 , and also an 
input point of a first invertor 67 is connected to the data 
input terminal 1. The gate electrode of the fourth NMOS 
transfer gate 57 is connected to an output point of the 
fir^ invertor 67. and the other terminal of the third 20 
NMOS transf^ gate 56 is connected to an input point of 
a second invertor 58. The other terminal of the fourth 
NMOS transfer gate 57 is connected to an output point 
of the second Invertor 58. and the output point of the 
second invertor 58 is connected to an input point of a 25 
third inveior 59. An output point of the third invertor 59 
is connected to tfie ir^ut point of the second invertor 58. 
The second and third inverters 58 and 59 fomi a master 
latch section 50. 

A terminal of a fifth NMOS transfer gate 61 is con- 30 
nected to a ground line 6. and also a terminal of a sixth 
NMOS transfer gate 62 is connected to the ground line 
6. The gate electrodes of the fifth and sixth NMOS 
transfer gates 61 and 62 are connected commonly to 
the dock Input temiinal 2, and the other terminal of the 35 
fifth NMOS transfer gate 61 is connected to a tenninal of 
a seventh NMOS transfer gate 63 while the other termi- 
nal of the sixth NMOS transfer gate 62 is connected to a 
temninal of an eighth NMOS transfer gate 64. The gate 
electrode of the seventh NMOS transfer gate 63 is con- 40 
nected to an output point of the third invertor 59 which 
forms the master latch section 50. and the gate elec- 
trode of the eighth NMOS transfer gate 64 is connected 
to an output pdnt of the second invertor 58 which con- 
structs the master latch drcuit. The other tenminal of the 4S 
seventh NMOS transfer gate 63 is connected to an input 
point of a fourth invertor 65 arvJ the other terminal of the 
eighth NMOS transfer gate 64 is connected to an output 
point of the fourth invertor 65. arKj the output pdnt of the 
fourth Invertor 65 is connected to an input point of a fifth so 
Invertor 66 and an output point of the fifth invertor 66 
connected to an input point of the fourth invertor 65. 
Thus, the fourth and fifth invertors 65 and 66 forni a 
slave latdi section 60. Further, an Input pdnt of a sixth 
invertor 68 is connected to the output point of the fourth ss 
invertor 66, and an output point of the sixth invertor 68 
is coinected to the output terminal 3. 

The first and second PMOS transfer gates 54 and 
55 are oonductir^ when the dock input signal CK is at 



the 'L* 1^ wh^eas the fifth and sixth NMOS tranter 
gates 61 and 62 are corKlucting when the dock input 
signal CK ^ at the 'H" level. On the other hand, the third 
NMOS transfer gate 56 is conducting when the data 
input signal D at the *'H" level where as the fourth 
NMOS transfer gate 57 is conducting when the data 
input signal D is at the V level. Further, the seventh 
and eighth NMOS transfer gates 63 and 64 are switched 
t>^een conducting and non-conducting states In 
response to the output of the nr^ster latch drcuit 50. 

FIG. 1 (b) is a timing chart when the drcuit shown in 
FIG. 1(a) operates. Referring to Fia 1(b), when the 
dock input signal CK change frm the *'H'* level to the 
'^L" level, the first and second PMOS transfer gates 54 
and 55 are rerxlered conducting. In this Instance, since 
the data input signal D is at the "H" level, the third 
NMOS tranter gate 56 is rendered conducting, txit the 
fourth NMOS trar^r gate 57 is rendered non-conduct- 
ing because an Inverted signal to the data Input signal D 
is inputted thereto from the first invertor 67. 

TTie output Q1 of the master latch section 50 exhib- 
its the "H" level equal to the potential of the power sup- 
ply line 5 since the first PMOS transfer gate 54 and the 
third NMOS transfer gate 56 are in a conducting state, 
and the master latch section 50 holds the data of the "H" 
levd. 

When the dock input signal CK changes from the 
"L" level to the "H" level, the first and second PMOS 
transfer gates 54 and 55 are rendered non-conducting 
and simultaneously the fifth and sixth NMOS transfer 
gates 61 and 62 are rendered conducting. In this 
instance, since the output Q1 of the master latch section 
50 and an inverted signal to the output 01 are inputted 
to the se\mnth and eighth NMOS transfer gates 63 and 
64, respectively, and the output signal Q1 of the master 
latch section 50 is "H" level data, the seventh NMOS 
transfer gate 63 is rendered conducting while the eighth 
NMOS transfer gate 64 is rendered non-conducting. 

The output signal 02 of the slave latch section 60 
exhibits the "L" level equal to the potential of the ground 
line 6 since the fifth and seventh NMOS transfer gates 
61 and 63 are conducting, and the slave latch section 
60 holds the data of the "L" level. Since the signal 02 of 
the "L" level is inverted by the sixth invertor 68 of the 
slave latch drcuit, the output terminal Q outputs a signal 
of the "H-* level. 

Due to the drcuit construction and the operation 
descrit>ed atxsve, the master-slave type flip-flop drcuit is 
advantageous in the following points. 

(A) Sir^e the first and second PMOS transfer gates 
54 and 55 and the fifth and sixth NMOS transfer 
gates 61 and 62 are rendered conducting or non- 
conduding directly in response to the dock irput 
signal CK. an inverted dock input signal and an 
iTTvertor for production of an inverted dock signal 
are not required. Accordingly, the master-slave type 
fBp-flop drcuit is very low in power consumption 
and high in operation speed. 
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(B) Since the first and second PMOS transfer gat^ 
54 and 55 to which the dock input signal CK is 
inputted and the third and fourth NMOS transfer 
gates 56 and 57 to which the data input signal D is 
Inpiitieu operaie tnd^endeniiy or each other, the 5 
clock Input signal CK and the data Input signal D 
have no restridion in tinning therebetween, and nor- 
mally stable op^ation is anticipated with the nnas- 
ter-slave type flip-flop drcuit 

(C) The number of elements which form the i^p^lop 
drcuit is comparatively small, and the f6p41op dr- 
curt Is reduced in occupation area in a chip and 
facilitates high density integration. 

Referring now to FIQ. 2(a), there is shown in drcuit 
diagram a master-slave type flip-flop drcuit according to 
a second prefen'ed embodiment of the present inven- 
tion. The master-slave type f Iip-fk)p drcuit shown has a 
dock input terminal 2 for receiving a dock input signal 
CK, a data input ternunal 1 for receiving a data input sig- 
nal D, and an output terminal 3 fa outputting an output 
signal Q. A terminal of a first NMOS transfer gate 69 is 
connected to a ground line 6, and also a terminal of a 
second NMOS transfer gate 70 is connected to the 
ground line 6. The gate electrodes of the first and sec- 
ond NMOS transfer gates 69 and 70 are conneded 
commonly to the dock irput terminal 2, and the other 
terminal of the first NMOS transfer gate 69 is conneded 
to a t^minal of a third NMOS trartsfer gate 71 and the 
other terminal of the second NMOS transfer gate 70 Is 
connected to a termina! of a fourth NMOS transfer gate 
72. The gate dedrode of the third NMOS transfer gate 
71 is conneded to the data input terminal 1 and also an 
input point of a first invertor 67 is connected to tiie data 
input terminal 1. and the gate electrode of tiie fourth 
NMOS trar^er gate 72 is connected to an out]%rt point 
of the fir^ invertor 67. The other terminal of the third 
NMOS transfer gate 71 is connected to an input point of 
a second invertor 58, and tiie ottier terminal of the 
fourth NMOS transfer gate 72 Is conneded to an output 
point of the second invertor 58. The output point of the 
secorxj inverts 58 Is connected to an Input point of a 
third invertor 59, and an output point of ttie tiiird invertor 
59 is conneded to tiie \rxpiA pdnt of the second invertor 
58. The second and third inverters 58 and 59 thus form 
a master latch section 50. 

A terminal of a fifth PMOS transfer gate 73 is con- 
nected to a power svpp\y line 5, and also a terminal of a 
sixtii PMOS transfer gate 74 is connected to the power 
supply line 5. The gate electrodes of the fifth and sixth 
PMOS transfer gates 73 and 74 are connected com- 
monly to the dock input terminal 2, arxJ the other termi- 
nal of ttie f rfUi PMOS tranter gate 73 is conneded to a 
terminal of a seventh NMOS transfer gate 75 and the 
dher terminal of tiie sixtii PMOS transfer gate 74 is con- 
neded to a temrtinal of an eightii NMOS transfer gate 
76. The gate electrode of the seventh NMOS b^sfer 
gate 75 is conneded to the output point of the third 
invertor 59 which forms tiie mast^ latch section 50. and 



tiie gate electrode of tiie eighth NMOS trar^fer gate 76 
is conneded to the output point of the second invertor 
58 which forms the master latch section 50. The otiier 
terminal of tiie severttii NMOS trar^er gate 75 Is con- 
neded to an input pdnt of a fourtti Invertor 65, and ttie 
ottier terminal of ttie eighth NMOS transfs- gate 76 Is 
conneded to an output point of the fourth invertor 65. 
The output point of the fourth invertor 65 and the Input 
point of the fiftti invertor 66 are conneded each otiier. 
and the output point of the fiftti invertor 66 is conneded 
to the Input point fourtti invertor 65. Thus, the fourtti and 
fiftti inverters 65 and 66 form a slave latdi section 60. 
An input point of a sixth Invertor 68 is conneded to ttie 
output point of the fiftti invertor 66, arxl an output pdnt 
of the sixtti invertor 68 is conneded to the output termi- 
nal 3. 

The first and second NMOS transfer gates 69 and 
70 are conducting when the dock input signal CK Is at 
ttie "H" level, but the fiftti and sixtti PMOS transfer gates 
73 and 74 are conducting when the dock input signal 
CK is at the "L" level. Further, the seventh and eighth 
NMOS transfer gates 75 and 76 are switched between 
conducting and non-conduding states In response to an 
output of the master latch section 50. 

FIQ. 2(b) is a timing chart when tiie drcuit of FIQ. 
2(a) operates. Refemng to FIQ. 2(b). when the dock 
input signal CK changes from the "L" level to the "H" 
level, the first and second NMOS transfer gates 69 and 
70 are rendered conducting. If the data input signal D 
rises from tiie "IT level to the "H** levd in this condition, 
then the third NMOS transfer gate 71 Is rendered con- 
duding. On the ottier hand, ttie fourth NMOS transfer 
gate 72 is rendered non-conducting because an 
inverted signal to the data input signal D is inputted 
thereto from the first invertor 67. As a result the output 
Q1 of the master latch section 50 exhibits tiie "L" level 
equal to the potential of the ground line 6 since the first 
and tiiird NMOS transfer gates 69 and 71 are corKlud- 
ing, and tiie master latch section 50 holds tiie da^ of 
tiie "L" level. 

If the dock input signal CK fails from the "H" level to 
tiie "L" level, then the first and second NMOS transfer 
gates 69 and 70 are r^ered non-conducting while tiie 
fiftti and sixtti PMOS transfer gates 73 and 74 are ren- 
dered conducting. Since the output Q1 d the master 
latch sedion 50 and an inverted signal to the output 01 
are Inixjtted to the seventh and eighth NMOS transfer 
gates 75 and 76, respectively, and tiie output Q1 of the 
n^ster latch section 50 is data of ttie V level, tiie sev- 
enth NMOS transfer gate 75 Is rendered non-corKlud- 
ing while the eighth NMOS transfer gate 76 Is rendered 
conducting. As a result, the signal Q2B of the slave 
latch section 60 exhibits ttie "H" level equal to ttie poten- 
tial of tiie power supply since the sixtii PMOS transfer 
gate 74 and the eightii NMOS trar^fer gate 76 ar con- 
ducting. Accordingly, the slave latdi sedion 60 holds 
ttie data of the V level inverted from ttie signal Q2B. 
Since tiie data 02 of the "L" level is Inverted by tiie sixtti 
Invertor 68 conneded to the output signal 02 of the 
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stave lat^ section 60. the output terminal 3 outputs a 
signal Q of the "H" level. 

Referring now to FIG. 3(a), there is shown in circuit 
diagram a master-slave type f fip^op droiit according to 
a third preferred emtxxliment of the present invention. 5 
The master-slave type flip-flop droiit shown has a dock 
Irput terminal 2 for receiving a dock input signal CK. a 
data input terminal 1 for receiving a data input signal D, 
and an output terminal 3 for outputting a data output sig- 
nal Q. A terminal of a first NMOS transfer gate 79 is con- io 
nected to a power sMpply line 5. artd also a termir^l of a 
second NMOS transfer gate 80 is connected to the 
power supply line 5. The other terminal of the first 
NMOS transf^ gate 79 is connected to a terminal of a 
third PMOS transfer gate 77. and the other terminal of is 
the second NMOS transfer gate 80 is connected to a 
fourth PMOS tran^& gate 78. The gate electrode of the 
second NMOS trar^fer gate 80 is connected to the data 
input terminal 1 , and also an input point of a first invertor 
67 is connected to the data input terminal 1. The gate 20 
electrode of the first NMOS transfer gate 79 Is con- 
nected to an output point of the first invertor 67. and the 
gate electrodes of the third and fourth PMOS transfer 
gates 77 and 78 are connected commonly to the dock 
irput terminal 2. The other temninal of the third PMOS 2S 
transfer gate 77 is connected to an input pdnt of a sec- 
ond invertor 58, and the other terminal of the fourth 
PMOS transf^ gate 78 is connected to an output point 
of the second invertor 58. The output point of the sec- 
ond invertor 58 Is connected to an input point of a third 30 
invertor 59, and an output point of the third inverta 59 is 
connected to the input point of the second invertor 58. 
The second and third inverters 58 and 59 thus form a 
master latch section 50. 

A terminal of a fifth NMOS transfer gate 83 is con- 35 
nected to a ground line 6, ar^ also a terminal of a sixth 
NMOS trarrsf^ gate 84 is connected to the ground line 
6. The gate electrode of the fifth NMOS transfer gate 83 
is connected to the output pdnt of the third invertor 59 
which forms the master lateh section 50, and the gate 40 
electrode of the sixth NMOS transfer gate 84 is con- 
nected to the output point of the second invertor 58 
which forms the master latch section 50. The other ter- 
minal of the fifth NMOS transfer gate 83 is connected to 
a terminal of a seventh NMOS transfer gate 81 , and the 45 
other terminal of the sixth NMOS transfer gate 84 is 
connected to a terminal of an eighth NMOS transfer 
gate 82. The gate dectrodes of the seventh and eighth 
NMOS transfer gates 81 and 82 are connected conv 
monly to the dock input terminal 2. The other terminal of so 
the seventh NMOS trar^er gate 81 is connected to an 
input point of a fourth invertor 65, and the other terminal 
of the eighth NMOS transfer gate 82 is connected to an 
output pdnt of the fourth inv^or 65. The output point of 
the fourth invBlor 65 is connected to an input point of a ss 
fifth invertor 66, and an output point of the fifth invertor 
66 is connected to the input point of the fourth invertor 
65. The fourth and fifth inv^ors 65 and 66 thi^ form a 
slave latch section 60. An input point of a sixth invertor 



68 is connected to the output pdnt of the fifth invertor 
66, and an output point of the sixth invertor 68 is con- 
nected to the output terminal 3. 

The master-slave type flip-flop drcurt of FIG. 3 
operates basically similar to that of the master-stave 
type flip-flop drcuit of FIG. 1(a). However, since the third 
and fourth PMOS transfer gates 77 and 78 and the sev- 
enth and eighth NMOS transfer gates 81 and 82 which 
are switched between conducting and non-conducting 
states in response to a change of the dock input signal 
CK are connected to positions near to the niaster latch 
section 50 or the output terminal 3. the times after a 
change of the dock input signal CK till a change of the 
hdd data by the ma^er latch section 50 and a change 
of the data output signal Q are short. Consequently, the 
present master-slave type fIip4lop drcuit exhibits an 
improved operation speed. 

FIG. 4 shows in circuit diagram an exemplary appli- 
cation of a master-slave typ^ flip-flop drcuit according to 
the present invention. The master-slave type flip-flop 
drcuit of the present invention does not indude an ele- 
ment which operates in response to a change of the 
dock input signal CK and consumes power when the 
data input signal D does not char^ge as desaibed here- 
inabove. Consequently, where such master-slave type 
flip-flop drcuits are connected in series as seen in FIG. 
4 to construct a series to parall^ conversion drcuit, the 
power consumption reduction effect appears signifi- 
cantly, and where a large number of flip-flop circuits are 
connected in series, the effect is very significant. 

Having now fully descrbed the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made ttiereto witiiout 
departing from tiie spirit and scope of the invention as 
set forth herein. 

Qaims 

1 . A master-slave type flip-flop circuit which includes a 
nrraster latch drcuit for fetching or latching an exter- 
nal data input signal (D) in synchronism with an 
external clock signal {CK), saki vnasXer latch drcurt 
induding first latch means (50) for compl&nentarily 
latching data on a first signal line and data on a sec- 
ond signal line, and a slave latch drcuit connected 
to said master latch drcuit for fetching or latching 
data signals outputted from said master latch drcuit 
in synchronism with the dock signal (CK), said 
slave latch drcurt induding secorKJ lat<^ means 
(60) for complementarily latching on a ttvrd 
signal line and data on a fourth signal line, and 
operates with power supplied from first arxj second 
power supply voltage supplying means (5, 6) hav- 
ing different pot^rtials, characterized in that it com- 
prises: 

first oirrent paths provided between said first 
and second signal lines and said first power 
supply voltage supplyirrg means (5) and sec- 
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ond current patf^ provided between said third 
and fourth signal lines and said secoid power 
supply vdtage suppfying means (6) such that 
the complementary data to be latched by said 
liibc lalch rtiearis (50) are defined by a voltage 5 
supply from said first power suf^ly voltage sup- 
plying means (5) to saki first or second sigr^ 
line virhereas the conrplementary data to be 
latched by said second latch means (60) are 
defined by a voltage supply from said second w 
power supply voltage supplying mearts (6) to 
said third or fourth signal line; ard 
a f ir^ transfer gate (54 to 57; 69 to 72; 77 to 80) 
for connecting or disconnecting said first cur- 
rent paths and a second transfer gate (61 to 64; is 
73 to 76; 81 to 84) for connecting or discon- 
necting said second current paths, said first 
and second transfer gates (54 to 57, 61 to 64; 
69 to 72. 73 to 76; 77 to 80, 81 to 84) being 
controlled betwean conducting and non-con- 20 
ducting states in response to the extemal dock 
signal (CK), the extemal data irput signal (D) 
and the data signals from said first and second 
signal lines. 

25 

2. A master^lave type f iip-f lq3 circuit which include a 
master latch circuit including first latch means (50) 
provided between a first signal line and a second 
signal line for complementarity latching data on said 
first and second signal lines, and a slave latch dr- 30 
cuit induding second latch means (60) provided 
between a third signal line and a fourth signal line 
for complementarily latching data signals on said 
third and fourth signal lines, said master latch drcuit 
and said slave latch drcuit being connected in cas- 35 
cade connection, and operates with power supplied 
from first and second power supply voltage supply- 
ing mear^ (5, 6) having different potentials, charac- 
terized in that 

40 

said master latch drcuit further indudes a 
transfer gate (54. 55; 69. 70; 77, 78) which is 
rendered conducting or non-conducting in 
response to an external dock signal (CK) and 
another transfer gate (56. 57; 71 . 72; 79, 80) 45 
whidi is rendered conducting or non-conduct- 
ing in response to an external data input sigral 
(D) or an inverted signal to the external data 
input signal (D) such that said first and second 
signal lines are alternatety connected to said so 
first power sifply voltage supplying mear^ (5) 
in response to the data input signal (D) in syn- 
chronism with the dod< signal (CK) so ttmt the 
corrplementary data of said first and second 
signal lines are conpelled to states defined by 55 
the data input signal (D) by the supply voltage 
from said first power Ripply \roltag6 supplying 
means (5). and 

said slave latch drcuit furth^ indudes a trans- 



fer gate (61, 62; 73. 74; 81, 82) which ^ ren- 
dered corxlucting or non-conducting in 
response to the dock signal (CK) arxt another 
transfer gate (63. 64; 75, 76; 83, 84} virhich is 
rendered conducting or norHX>nducting in 
response to the complementary data from the 
fir^ and second signal lines of said master 
latch circuit such that said third and fourth sig- 
nal lines are alternat^y connected to said sec- 
ond power supply voltage supplying means (6) 
in r^por^ to the complementary from sakJ 
fir^ ar>d second signal lines of said master 
latch drcuit in synchronism with the dock sig- 
nal (CK) so that the complementary data of 
said third and fourth signal lines are compelled 
to states defined by the complementary data of 
sakj first and second signal lines by the supply 
voltage from sakJ second power supply voltage 
supplying means (6). 

3. A master-slave type flip-flop drcuit which indudes a 
data input terminal (1 ), a dock input terminal (2). an 
output terminal (3) and first and second power sup- 
plying means (5. 6) for supplying different voltages, 
characterized in that it comprises: 

a master latch drcuit inducfing first and second 
transfer gates (54. 55; 69. 70; 77, 78) which are 
rendered conducting or non-conducting in 
re^nse to a dock signal (CK). third and 
fourth transfer gates (56. 57; 71, 72; 79, 80) 
which are rendered conducting or non-con- 
ducting in response to a data input signal (D), 
said first and second transfer gates (54. 55; 69, 
70; 77, 78) and said third and fourth transfer 
gates (56. 57; 71, 72; 79, 80) being connected 
in series to form first and seoorxl signal lines, 
respectively, and latch means (50) connected 
at a terminal thereof to said first signal line and 
at another terminal thereof to said second sig- 
nal line such that said first and second signal 
lines are corrplemerttary to each other; and 
a slave latch drcuit induding fifth and sixth 
transfer gages (61, 62; 73, 74; 81, 82) which 
are rendered conducting or non-conducting in 
response to the dock signal (CK). seventh and 
eighth transfer gates (63. 64; 75. 76; 83. 84) 
which are rendered conducting or non-con- 
ducting in response to an outf^ signal of said 
master latch drcuit, said fifth and sixth transfer 
gates (61. 62; 73, 74; 81, 82) and said seventh 
and eighth transfer gates (63. 64; 75. 76; 83, 
84) being connected in series to form third arvJ 
fourth signal lines, respectively, ard latch 
means (60) connected at a terminal thereof to 
said third signal line and at another terminal 
thereof to said fourth signal line such ttiat said 
third and fourth s^nal lines are complementary 
to each other. 
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4. A master-slave type f rq>flop drcuit as set forth in 6. 
daini 3. characterized in that said first to eighth 
transfer gates (54 to 57. 63 to 66; 69 to 72, 73 to 76; 

77 to 80, 81 to 84) are each ft^-med from a conduct- 
ing type mOS f ieid enect transistor. 5 

5. A master-slave type flip-flop circuit, characterized in 
that rt comprises: 

a master latch drcurt incfucfing first latch mear^ 10 
(50) including a pair of invertors (58. 59) each 
connected at an input point to an output point of 
the other invertor for complementarily latching 
data of first and second signal lines connected 
to two junction points of saki invertors (58, 59), is 
a first p-channe) MOS field effect transistor (54) 
and a second n-chann^ MOS field effect tran- 
sistor (56) connected in series in order 
t>etween a high potential power supply vdtage 
supplying line (5) and said first signal line, and 20 
a third p-channel MOS field effect transistor 
(55) and a fourth n-channel MOS field effect 
transistor (57) connected in series in order 
between said high potential power supply volt- 
age supplying line (5) and said second signal 25 
line, an external dock signal (CK) being input- 
ted to the gate electrodes of said first and third 
MOS field effect transistors (54, 55), an exter- 
nal data signal (D) t>eing inputted to the gate 
electrode of said second MOS field effect tran- so 
sistor (56). an inverted signal to the data signal 
(D) being inputted to the gate electrode of said 
fourth MOS field effect transistor (57); and 
a slave latch drcurt induding second latch 
means (60) induding a pair of invertors (65. 66) ss 
each connected at an input point to an output 
point of the oth^ invertor for corrplementarily 
latching data of third and fourth signal lines 
connected to two junction points of said inver- 
tors (65. 66). a fifth n-channel MOS field effect <o 
transistor (61) and a sixth n-channel MOS field 
effect transistor (63) connected in series in 
order between a low potential power supply 
voHage supplying line (6) and said third signal 
line, and a seventh n-channel MOS field effect 4S 
transistor (62) and an eighth n-channel MOS 
field effect transistor (64) connected in series in 
order between said low potential power supply 
voltage supplying line (6) and said fourth signal 
line, the dock signal (CK) being inputted to the so 
gate electrodes of said fifth and seventh MOS 
field effect transistors (61. 62), a signal from 
said first signal line in said master latch drcuit 
being inputted to the gate electrode of said 7. 
sixth MOS field effect transistor (63), a signal ss 
from saki second signal line in sakl master 
latch drcuit being inputted to the gate electrode 
of said eighth MOS field effect transistor (64). 



A master-slave type flip-flop drcuit diaracterized in 
that it comprises: 

a master latch drcuit including first latch means 
(50) induding a pair of invertors (58. 59) each 
connected at an input point to an output point of 
the other invertor for complementarily latching 
data of first and second signal lines connected 
to two junction points of said invertors (58, 59), 
a first n-channel MOS field effect transistor (69) 
and a second n-diannel MOS field effect tran- 
sistor (71) connected in series in order 
between a low potential power supply voltage 
supplying line (6) and said first signal line, artd 
a third n-diannd MOS field effect transistor 
(70) and a fourth n-diannel MOS fieU effect 
transistor (72) conneded in series in order 
between said low potential power si^ly volt- 
age supplying line (6) and said second signal 
line, an external dock signal (CK) being input- 
ted to the gate electrodes of said first ard third 
MOS field effect trans^s (69. 70). an exter- 
nal data signal (D) being inputted to the gate 
electrode of said secorid MOS field effect tran- 
sistor (71), an inverted signal to the data signal 
(D) being inputted to the gate electrode of said 
fourth MOS field effect transistor (72); and 
a slave latch drcuit including second latch 
means (60) induding a pair of invertors (65. 66) 
each connected at an input point to an output 
point of the other invertor for complementarily 
latching data of third and fourth signal lines 
connected to two junction points of said inver- 
tors (65. 66), a fifth p-channel MOS field effect 
transistor (73) and a sixth n-channel MOS field 
effect transistor (75) connected in series in 
order between a high potential power supply 
voltage supplying line (5) and said third signal 
line, and a seventh p-channel MOS field effect 
transistor (74) and an ^ghth n-channel MOS 
field effect transistor (76) conn^ed in series in 
order between said high potentia] power supply 
voltage supplying line (5) and said fourth signal 
line, the dock signal (CK) b^ng inputted to the 
gate electrodes of said fifth and seventh MOS 
fiekJ effect transistors (73, 74). a signal from 
said first signal line in said master latch drcuit 
being inputted to the gate electrode of said 
sixth MOS field effect transistor (75), a signal 
from said second signal line in said master 
latch drcuit being inputted to the gate electrode 
of sakJ eighth MOS f idd effect transistor (76). 

A master-slave type flip-flop drcurt characterized in 
that it comprises: 

a master latch drcuit induding first latch mears 
(50) induding a pair of invertors (58, 59) each 
connected at an input point to an output point of 
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the other tnvertor for oomplementarily latching 
data of fir^ and second signal lines connected 
to two junction points d said inverters (58. 59), 
a first n-channel MOS field effect transfer (79) 
and a second p-channei IviOS field effect tran- 5 
sistor (77) connected in series in order 
between a high potential power supply voltage 
supplying line (5) and sakj first signal fme. and 
a third n-channel MOS field effect transistor 
(80) and a fourth pchannel MOS field effect 70 
transistor (78) connected in series in order 
between said high potential power su^^ly vdt- 
age supplying line (5) and said second signal 
line, an inverted signal to an external data sig- 
nal (D) being inputted to the gate electrode of 15 
said first MOS field effect transistor (79), the 
data signal (D) being inputted to the gate elec- 
trode of said third MOS field effect transistor 
(80). an ext^nal dock signal (CK) being input- 
ted to the gate electrodes of said second arxJ 20 
fourth MOS field effect transistors (77. 78); and 
a slave latch circuit including second latch 
means (60) inducfing a pair of inverters (65, 66) 
eadi connected at an input point to an output 
point of the other inverter for complementarily zs 
latching data of third and fourth signal lines 
connected to two junction points of said inver- 
tors (65. 66). a fifth n-channel MOS f i^d effect 
transistor (83) arxl a sixth n-channel MOS field 
effect transistor (81) connected in series in 30 
order between a low potential power supply 
voltage supplying line (6) arxJ said third signal 
line, and a seventh n-channel MOS field effect 
transistor (84) and an eighth n-channel MOS 
field effect transistor (82) connected in series In 35 
order between said low potential power supply 
voltage supplying line (6) and said fourth signal 
line, a dgnal from said first signal line in said 
master latch drcuit b^ng inputted to the gate 
electrode of said fifth MOS field effect transistor 40 
(83). a signal from said second signal line in 
said master latch drcuit being Inputted to the 
gate electrode of said seventh MOS field effect 
transistor (84), the dock signal (CK) being 
inputted to the gate electrodes of said sixth and 45 
eighth MOS field effect transits (81 , 82). 
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FIG. 1 (a) 
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FIG. 2(a) 
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